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Abstract:
The following study was undertaken with the intent of
improving the ability to accurately predict the behavior of
structural slurry walls. An existing wall, employed during
the construction of the Washington D.C. subway system, was
examined using four different analysis methods. The actual
stresses and displacements of this wall were measured,
providing a basis for jUdging the different analysis
techniques . The results obtained warrant the use of one
. ------_._-....-._.
particular approach; ref-erred-tOiri -thIs--studY:-as the "b-eain on
elastic foundation method". This method provided the best
simulation of the soil/structural interaction that occurred
during construction of the subway.
/"
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Chapter 1
Introduction
1.1 Introduction:
structural slurry walls have become an increasingly
popular method of supporting deep excavations in sites where
large scale underpinning of adj acent structures would normally
be required. They can be utilized as permanent structural
components or as temporary retaining systems. The versatility
of applications as well as efficiency of construction, often
make these walls the most suitable retaining method during the
construction of deep foundations, cut and cover tunnels, and
deep vertical shafts.
1.2 objective
The relatively short evolution of slurry wall technology
in the united states, has created a gap between the
theoretical understanding of structural slurry wall behavior,
and the increasing rate of innovative construction
applications. In order to continue the successes attained in
previous slurry wall projects, improved methods of analysis
are necessary.
This study compares the ability of four current analysis
methods to accurately predict the behavior of an existing
structural slurry wall. The benef its and shortcomings of each
analysis method are discussed as they apply to the specific
wall under investigation.
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1.3 Report'outline
The remainder of Chapter One provides a brief description
of the development and current status of structural slurry
wall technology. Chapter Two examines the four a~alysis
models used to predict the wall's behavior, as well as the
parameters that were determined prior to analysis. The site
pertaining to this study is described in chapter Three. The
procedure for measuring the wall's performance is also
explained in this chapter. The results from the comparisons
of the predicted behavior versus the actual behavior of the
wall are presented in chapter Four, and the conclusions based
on these comparisons are described in chapter Five. Figures,
as well as appendices that contain examples of computer output
used in this study, are situated at the end of this document.
1.4 Historical Development:
During the early 1900s bentonite mud slurry (sodium
montmorillonite clay) began to be used for the construction
of petroleum wells, serving a dual purpose of flushing
'-
drilling tailings to the surface, arid providing
circumferential support to the well walls. By the 1950s
bentonite slurry was introduced as a means of supporting the
excavation of deep trenches. In this application, the
hydrostatic head and density of the slurry is maintained at a
level which provides sufficient lateral support to prevent the
side walls of the excavation from caving in.
3
Deep trenches constructed in this manner, are often used
as cut-off walls and structural foundation walls. Cut-off
walls refer to sUbgrade barriers constructed for the purpose
of controlling ground water flow or pollution migration, where
the slurry filled trench is backfilled with low permeability
material. This type of wall is well suited for containing
contaminat:_ed Rrpl..H1Q water, encapsulatJ_ng land fills, and
repair of earth dams. A schematic representation of a typical
cut-off wall is shown in Figure 1.
structural walls are constructed by installing
reinforcing steel cages into the slurry filled trenches
followed by the displacement of slurry through placement of
concrete. An example of the typical stages of construction
for a structural slurry wall are presented in Figures 2 & 3.
These walls are generally used as retaining systems during
the construction of sUbgrade structures. structural slurry
walls were first used during the late 1940s in Milan Italy,
where they were incorporated into the construction of subway
tunnels and deep building foundations (Kyle,1967).
Presently, slurry wall technology has developed to the
point where it competes with more conventional retaining
methods, such as sheet piling or soldier beam and lagging
systems (Kapp)1969). In many cases, structural slurry walls
have proven to be the most economical method of construction,
and occasionally, the only feasible option.
structural slurry walls follow a general construction
4
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scheme as outlined below.
1.) Slot trenches are dug along the perimeter of the proposed
excavation. During excavation, bentonite slurry is
continually pumped into the open trench, maintaining a
hydrostatic head at least several feet above the ground
water table.
2.) When the trench is excavated to its final depth,
reinforcement cages, consisting of reinforcing bars
and/or steel beams, are lowered into place, forming
panels. When vertical steel beams are not used, stop-
end devices are implemented to form the joints that
separate panels. Concrete is then tremmied into each
panel, displacing the slurry upwards where it is pumped
out and cleaned for re-use.
3.) After the wall is completed, excavation begins within the
perimeter of the wall. The excavation is performed in
stages, where each stage is completed by placing tie-
back or strut supports at levels specified in the design.
Details of the staging operation are shown in Figure 4.
Slurry walls constructed in this manner have dramatic
benefits over conventional retaining methods when applied in
several specific cases. For example, slurry walls are
commonly used in areas where ground water tables are high.
The advantage of using an impermeable concrete wall versus
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soldier beams and timber lagging is often exhibited in the
reduced cost of de-watering the site, and the protection of
adjacent structures. A site enclosed by a concrete slurry
wall requires little dewatering and the surrounding ground
water table is usually maintained at its normal level. In
contrast, an excavation supported by a soldier pile and timber
lagging system may encounter significant dewatering problems
as well as possible settlement of surrounding structures due
to draw-down of the natural water table. Slurry walls are
also well suited for projects that require deep excavations.
This is because the depth of a slurry wall is usually
controlled by the limitations of the trenching equipment,
therefore walls can be constructed to depths well beyond 100
feet, provided the proper equipment is used. Slurry walls
also prevail in situations where construction noise and
vibration must not exceed a certain level (e. g. in urban
locations where adjacent buildings are occupied). In these
cases, the noise and vibration generated from driving sheeting
or soldier beams can not be tolerated.
The use of structural slurry walls also eliminates the
need for underpinning of adjacent structures. Often, when
sheet pile retaining systems are used, elaborate underpinning
schemes must be developed in order to avoid vertical
settlements resulting from the horizontal deformations of
flexible steel sheeting.
Lastly, slurry walls can be designed to remain as the
6
perimeter walls of substructures (e. g. basement walls of
buildings) . In these cases the temporary struts can be
replaced by subgrade floor beams, and the wall can be designed
to act as a vertical load bearing element.
While it is impossible to list all construction projects
that have utilized structural slurry walls, a few well known
projects are listed below.
1.) World Trade Center foundations - NYC (Kapp,1969)
2.) World Financial Center foundations - NYC (ENR,1983)
3.) Central Artery subway tunnel (currently under
construction) - Boston
4.) Limehouse Link highway tunnel - London (Fowler, 1991)
5.) New World Center - Hong Kong (Tamaro,1981)
6.) Washington D.C. Metro (Ware,1974)
The versatility and competitiveness of structural slurry
~, I
walls as a construction methodology were demonstrated in each
of the above projects. The success of the slurry wall aspect
of these projects exemplifies their effectiveness, and
warrants further research in order to improve the
understanding of their behavior so future walls can continue
to be designed safely and economically.
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Chapter 2
Current Methods of Structural Slurry Wall Analysis
2.1 Current Design Methods:
~t present, there are no specific codes or standards in
existence that directly regulate the design of structural
slurry walls. Design engineers currently use geotechnical
design guides originally developed for flexible retaining
systems to determine the loading and boundary conditions for
a given wall. structural codes (ACI and AISC) are then used
to satisfy the strength requirements of the proposed walls.
Currently used methods are either analogous to classical
retaining wall design methods, or are modified versions of the
classical approach. However, one method studied in this
thesis differs drastically frolIlt the standard design
procedures, as it attempts to closely simulate the
soil/structural interaction of the walls.
Four analysis methods, ranging from simple empirical
teChniques to highly sophisticated models were compared in
this thesis.
below.
Descriptions of these four methods are given
2.1.1 Terzaghi-Peck method (Bowles,1988):
This is the most elementary method of analysis
available. It was intenaed for the design of bracing where
the soil conditions were uniform sand or clay and the water
table was below subgrade. The analysis sequence is as
follows. First, the active lateral earth pressure on the wall
8
is determined using Rankine or Coulomb theory (Bowles,1988).
The maximum ordinate of the lateral pressure is then
multiplied by an appropriate factor. This value of pressure
is distributed as a uniform or trapezoidal loading, depending
on whether the material being supported is sand or clay. A
typical wall configuration and associated loading for granular
backfill is shown in figure 5. A simple support is assumed
at the level of subgrade, where the rotational restraints are
released, leaving the wall to be analyzed as a series of
simple-beams, or as a continuous indeterminate beam.
Although this method is commonly used to determine the
maximum bending moment in a proposed wall, it was originally
intended to be used for estimating the maximum strut loads.
2.1.2 Net pressure method (Tamaro & Kerr,1990):
In this method, the designer determines the Rankine
active pressure along the entire length of the wall, as well
as the passive pressure beginning at the level of sUbgrade
for each stage of excavation. The net pressure resulting from
the superposition of the active and passive pressures then
represents the lateral loading on the wall. A schematic
representation of this model is given in Figure 6. The point
where the net pressure initially reaches zero, is assumed to
be the point of zero moment. The wall is truncated beyond
this point and a simple support is assumed. The wall now can
be analyzed as a continuous beam. The passive pressure is
9
recalculated for each excavation stage prior to placement of
the next brace, requiring the net pressur~ to be updated as
well. The critical moment is then determined from the
analysis of each stage, and the wall is desiS{ned for the
appropriate strength.
2.1.3 Net pressure method considering support settlements
(Tamaro & Kerr,1990):
Initially, this model is set up in the same manner as the
net pressure model. The difference between the two occurs
after analysis of the first stage is complete. During the
first stage, the wall displacement is determined at the depth
where the next support is to be placed. This displacement is
then introduced as a support settlement in the following
stage. Analysis of the next stage is then undertaken while
applying a support settlement. This process is continued for
each of the remaining stages as illustrated in Figure 7. By
incorporating these initial displacements into the model, the
designer attempts to obtain a more accurate prediction of the
distribution of moments along the depth of the wall by
considering the behavior of the wall during the excavation
process.
This method can be improved by considering the effect of
elastic shortening of struts or elongation of tie-backs. This
can be accomplished by simply adding the strut or tie-back
members to the existing model with their appropriate stiffness
10
and length.
2.1.4 Beam on elastic foundation method (Haliburton,1979):
This model is probably the most accurate representation
of in-situ forces applied to slurry walls, as well as the most
complex to analyze. The wall"is loaded by Rankine or Coulomb
active pressure on the unexcavated side while the subgrade
reaction on the excavated side is simulated by at-rest
pressure and a series of springs whose stiffness is equivalent
to the subgrade modulus. A typical wall sUbjected to these
loading conditions is shown in Figure 8. The magnitude of the
spring reactions is set at a lower bound value of no less than
the at-rest pressure of the soil below subgrade and has an
upper bound value equal to the subgrade passive pressure.
Similar to the previous method, the braces or tie-backs
are modeled as elastic springs, and the displacements that
develop in each stage are superimposed on the subsequent
stages.
This method also incorporates the concepts of limit
analysis or inelastic analysis because the springs that form
the sUbgrade reaction can be limited in capacity, thereby
acting in a manner similar to the plastic behavior of the
subgrade soil. For example, during the coarse of a solution
iteration, if the forces in the springs exceed the passive
limit, the model is re-solved with the sUbgrade reaction
redistributed to an increased number of spring supports
11
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-further down the length of the wall. The repetitive nature of
this analysis makes the use of an iterative computer program
a necessity for obtaining a solution.
In addition to the complexity of the analysis, another
,
potential problem arises when using this method. The designer
must input a realistic value for the sUbgrade modulus. If the
value selected or computed is mis-representative of the actual
soil behavior, the accuracy of the solution will be
compromised. This is especially true when determining the
deflected shape of the wall.
It is important to note that finite element methods have
been excluded from the above .list of analysis models. This is
justified by the fact that the finite element models are
heavily reliant on the accuracy of the material properties
involved. In the absence of reliable in-situ soil property
data, complex finite element methods may prove to be
impractical.
2.2 Determination of Predicted Behavior of Existing Wall:
It is necessary to determine several parameters before
analyzing a wall using the methods discussed in the previous
section. The lateral loading on the wall, flexural stiffness
of the wall, and the stiffness of the spring supports must all
be estimated. The approaches taken, and the assumptions made
during the calculation of the above parameters associated with
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the wall analyzed in this comparative study, are presented
below.
2.2.1 Wall Loading:
The loading scheme applied on the active side of the wall
included three components. These were the lateral earth
pressure, the hydrostatic pressure, and the lateral component
of the bearing pressure of an adjacent building foundation, as
shown in Figure 9.
The lateral earth pressure was determined by using
Rankine theory (Bowles, 1988) , where the vertical effective
stress is multiplied by a coefficient, representing either the
active or passive lateral pressure. The effective vertical
stress is determined for each soil layer by multiplying the
effective unit weight of the soil by the corresponding depth
of layer. Wall friction was not considered during the
computation of the Rankine coefficients of lateral earth
pressure. This resulted in the values being solely dependant
on the angle of internal friction for each soil type. The
reduction of active pressure due to the cohesive properties of
the clay layers was also ignored, resulting in more
conservative values of lateral earth pressures on the active
side of the wall.
Ground water pressures acting on the wall were estimated
by mUltiplying the unit weight of water by the depth below the
water table. These hydrostatic loads started at twenty two
13
feet below the ground surface and increased linearly over the
remaining length of the wall.
Lastly, the surcharge loading created by an adjacent
building foundation was taken from the original project
specifications provided by the Washington Metropolitan Area
Transit Authority. This loading was trapezoidal shaped,
beginning at the base of the building foundation (twenty feet
below the ground surface) and extending down the full depth of
the slurry wall. These three pressure diagrams were combined
by superposition to form one loading diagram, applied per
linear foot of wall.
Active loads calculated in this manner were used for all
of the analysis models excluding the Terzaghi-Peck model. For
this method the magnitude of the active soil pressure
calculated at the base of the wall was reduced by a factor of
0.65 as suggested by Bowles, (1988). This adjusted soil
pressure was distributed evenly along the length of the wall,
while the building surcharge and hydrostatic pressures' were
superimposed as additional loads.
For the Net Pressure, Net Pressure with Support
Settlement, and Beam on Elastic Foundation models, the
sUbgrade passive pressure was independently determined for
each excav.ation stage. This was again accomplished by using
Rankine theory to estimate the passive resistance on the
excavation side of the wall. During the last two excavation
stages the high shear strength of the over-consolidated clay
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layers were included in the calculation of the passive
pressure because they added sUbstantially to the passive
resistance of the subgrade soils. It was also assumed that
during construction, the excavation was de-watered to a level
two feet below subgrade at each stage. This high level of
ground water within the area of the excavation warranted the
assumption of small hydrostatic forces developing on the
passive side of the wall, and contributing to the passive soil
resistance as well.
The Beam on Elastic Foundation method of analysis
required the calculation of the active pressures applied to
the wall, as well as the at-rest and passive earth pressures.
The at-rest and passive pressures were calculated in order to
set limits for the subgrade springs. The computer solution
subtracted the at-rest pressure from the loading on the active
side of the wall, thus requiring the loading on the wall to
exceed the at-rest pressure of the soil before the springs
provide any resistance. This procedure is justified by the
fact that Rankine theory assumes that the passive resistance
range of soil can not be achieved unless the soil is forced to
deform laterally, and consequently overcoming the at-rest
pressure. Similarly, the springs can only provide resistance
to the wall if a displacement is exerted upon it,
corresponding to the soil's passive pressure range. The
passive limit is used as a cut off point for the forces
resisted by the springs. If the resistance in the elastic
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foundation exceeds the passive pressure for a particular
depth, the analysis is repeated after redistributing the
spring reaction to a lower depth where the loads can be
accommodated by higher passive limits.
2.2.2 strut stiffness and Subgrade Modulus:
When analyzing the Net Pressure Model Including Support
Settlements, and the Beam on Elastic Foundation model, the
elastic shortening of the struts was also considered to
contribute to the lateral deflection of the wall. This was'
simulated by considering the struts to act as elastic springs
whose stiffness was equal to its elastic modulus (Young's
modulus) mUltiplied by the cross sectional area of the strut
(Beer & Johnston,1988) and divided by half its length.
K =
A E
L/2
(1)
where;
K = spring stiffness
A = cross-sectional area of strut
E = Young's modulus of steel (29,000 ksi)
L = length of strut
The elastic stiffness the different strut sizes were
calculated in this manner.
An additional spring stiffness, the sUbgrade modulus, was
required for the Beam on Elastic Foundation Model. The
sUbgrade modulus represented the pressure per unit length of
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displacement that was resisted by the soil on the excavation
side of the wall. Two methods are currently available for
estimating this value for clay soils. Both are based on the
correlation of laboratory experiment data with field tests.
The first, proposed by Skempton (1951), describes the subgrade
modulus as a function of the ultimate strength of the soil and
the strain exhibited at fifty percent of the ultimate
strength.
where;
=
= subgrade modulus
= ultimate strength
5€SOB
(2)
B
= strain at fifty percent of ultimate
strength for clay tested in unconfined
compression
= beam width
The second formula was developed by Terzaghi, who presented
experimental data for horizontal sUbgrade moduli, corrected to
numerical values for one foot by one foot square plates on
clay, as shown below (Terzaghi,1955).
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1 ft
B ft
x
n + 0.5
1.5n
(3)
where;
B
= subgrade modulus
empirical variable depending on the
ultimate bearing capacity of the clay
= width of beam
n = LIB, (L = length of beam)
The subgrade modulus can also be established based on
experience gained from previous projects in similar soil
conditions, and the intuitive knowledge of skilled foundation
engineers. The subgrade modulus used in this study, was
provided by Mueser Rutledge Consulting Engineers, who were the
geotechnical consultants for the project described in
Chapter 3.
2.2.3 Flexural stiffness of Wall:
A uniform wall stiffness was determined by calculating
the moment of inertia of a typical seven foot long panel, and
then dividing that value by the panel length. This produced
the moment of inertia per linear foot of wall. When
calculating the moment of inertia for the whole panel, the
area of concrete was transformed into the equivalent area of
steel from which the moment of inertia of the composite area
was determined. This value was then multiplied by the steel
modulus (29,000 ksi), resulting in the flexural stiffness of
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the equivalent steel system. The transformation from the area
of concrete to the area of steel was accomplished by
multiplying the concrete area by the ratio of the modulus of
concrete to the modulus of steel. The moment of inertia of
the transformed -steel section was calculated for the gross-
section as well as the cracked-section, where the tension side
of the concrete area was assumed to produce no flexural
resistance. Schematic representations of the cross-sections
used are given in Figure 10.
2.2.4 structural Analysis Programs Used:
The analysis of the beam on elastic foundation model was
performed using a computer program originally written by Dr.
T. A. Haliburton of Oklahoma University (1979), and
subsequently modified by Mueser Rutledge Consulting Engineers
(1991) . This program provides an iterative finite difference
solution for the continuous beam supported by elastic springs.
The resistance of the springs are controlled by the imposed
limits previously discussed in the description of the model.
All other models were analyzed by a two dimensional
structural analysis package, RISA 2D, which was capable of
determining the maximum mid-span forces in addition to the
nodal forces, and which could impose numerous support
displacements. The output of these programs are provided
Appendix I & II.
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Chapter 3
Examination of Existing Wall
3.1 Description of site Investigated:
AS stated earlier, one of the main goals of this study was to
select the most reliable and realistic methods of analyzing
structural slurry walls. In order to accomplish this, the
performance of an existing wall was compared to the predicted
behavior obtained from the four previously discussed methods.
In this section, a detailed description of an existing wall
and its associated site is presented.
The wall under investigation was completed in 1973 during
the construction of the Federal Center South West Station,
which is part of the Washington D.C. Metropolitan Rapid
Transit System. This site is located along D Street between
2nd and 4th Streets in Downtown Washington. Plan and cross-
section views of the construction site are shown in Figure 11.
The Federal Center South West station was constructed as a
"cut and cover" tunnel along the alignment of D Street. Two
structural slurry walls were employed to support the
excavation, one on each side of street. The slurry wall
scheme was one of two options presented by the Washington
Metropolitan Area Transit Authority. The other option
required the underpinning of adjacent buildings through the
use of jacked-piles, followed by the placement of flexible
steel sheet piling to support the open ex~avation (Ware, 1974) .
The cost for construction of jacked piles alone was estimated
20
to be $80 to $100 per foot (referring to 1973 construction
costs) , while the structural slurry wall construction amounted
to $15 to $30 per square foot of wall (ICaS). The contractors
that submitted bids for the project all chose the structural
slurry wall option because of its economic competitiveness and
the safety it provided to surrounding structures.
3.2 Subsurface site Conditions:
The site conditions of the Federal Center project were
representative of the typical conditions for which structural
slurry walls are best suited. The specific features were; a
high water table, a sub-stratum layer 'of low perme.ability
high bearing capacity soils, and a site surrounded by
structures highly sensitive to settlement.
Boring samples taken at the site described the geological
profile as a thin layer of fill, followed by several layers of
compact, medium to coarse sand, and two layers of dense over-
consolidated clay located approximately 60 to 90 feet below
street level. The subsurface profile of the site is presented
~
in Figure 12. The two clay layers had sufficient bearing
capacity to support the vertical loads from the walls, while
their relatively high shear strengths provided significant
passive resistance at the base of the wall. The clay layers
also acted as an impermeable layer essential for limiting
groundwater from flowing under the base of the wall and into
the excavated area.
;
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"The natural water table, was located twenty two feet
below street level. variations in the water level,
particularly draw-down associated with dewatering the
excavation, could have caused an increase in the effective
vertical stresses. If the increased stress exceeded the
preconsolidation stesses in the lower clay strata,
consolidation and settlement may have occurred. The
occurrence of differential settlement in areas adj acent to the
site would have had profound affects on the existing concrete
and masonry buildings including severe cracking and possible
structural failure. The initial ground water table was
successfully maintained during construction by the low
permeability of the structural slurry walls due to the
continuity exhibited at the joints between wall panels.
3.3 Wall Construction:
Two parallel slurry walls were installed seventy feet
apart, extending to a maximum depth of _eighty four feet and
are approximately 1100 feet long in plan (Figure 11).
,
Occupied buildings were located near the walls along both
sides of the excavation, leaving little room for construction
equipment and requiring strict control of ground settlements
associated with horizontal wall movements. These buildings
imposed surcharge loads on the walls in addition to typical
horizontal earth pressures and hydrostatic pressures.
Both walls were constructed as a series of seven foot
22
long panels separated by steel soldier beams. A trench was
excavated for each panel using a special thirty two inch wide,
nine ton clamshell bucket followed by the placement of W30 x
211 soldier beams, connected by a reinforcing cage, at each
end of the trench (Figure 4). Concrete was then placed into
the trench by tremie methods, forming a series of separate
panels. After completion of the wall panels, the excavation
was advanced in five stages.
Initially, the subgrade level was lowered to a depth two
feet below the position of the first set of struts to be
installed. At this level, the struts were put into place and
excavation continued to a depth two feet below the next
required level of supports. The excavation continued in this
manner until final subgrade was reached. Each new level of
struts were preloaded through a process of jacking and
shimming. This was intended to limit the elastic shortening
of the struts, in order to decrease the lateral deflection of
the walls. After the excavation was carried down to final
subgrade, a working mat was placed and the permanent subway
structure was constructed. Upon completion of the tunnel
lining, the struts were systematically removed and the
excavation was back-filled with compacted soil. During this
process the slurry walls were perforated in order to permit
the restoration of natural ground water flows and levels.
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3.4 In-situ Monitoring of Wall Performance:
During the construction of certain panels, inclinometer
casings were installed in the slurry filled trench prior to
placement of the concrete. These vertical tUbes acted as a
guide for an inclinometer used for measuring changes in slope
of the tube at different depths of the finished wall. The
inside of the casing had four grooves, two oriented
perpendicular to the wall and two oriented parallel to the
line of the wall. The variations in the slope of the wall was
measured by lowering the inclinometer device down the casing
and taking readings in both sets of grooves at specified
depths. (If the casing is situated in the panel in such a
manner that one pair of grooves is not positioned
perpendicular to the face of the wall, the readings can be
corrected by adding the vector components of the measurements
obtained from each axis). These readings were then converted
into rotational measurements as shown below:
Tan i
2K
(4)
where, i = degree of inclination
DE = dial reading in the groove on the
exterior side of the wall
Dr = dial reading in the groove on the
interior side of the wall
K = instrument calibration constant
24 "",
The slope along the entire depth of the wall was obtained
from the results of this calculation. The deflections and
moments in the wall were then calculated through utilization
of elementary beam bending theory, such as integration of the
equation of the elastic curve (Beer & Johnston,1981).
The values selected for the comparative analysis
performed in this study, were taken from a casing placed in
panel number 21 of the North wall. Initial measurements were
taken prior to excavation in order to establish a baseline
measurement. Subsequently, slope measurements were taken at
depth intervals of every two feet, for each stage of the
excavation. The results obtained from these measurements
provided the basis of comparison for the analytical results
from the four previously discussed theoretical models.
3.5 Measured Wall Behavior:
Once the inclinometer data was converted into slope
measurements and the flexural stiffness of the wall had been
determined, the moment and deflections of the wall could then
'\..;: .
be calculated. Numerical integration of the slope provlded
the wall deflection, and numerical differentiation of the
slope multiplied by the wall stiffness yielded the bending
moments in the wall, as presented below:
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y(x) = Deflection (5)
dy(x)
dx
= Slope (data obtained
from inclinometer)
(6)
d 2y (x) M(x)
= Curvature = (7)
dx2 EI
where;
x = depth of wall
y = measurements perpendicular to the
surface of the wall
M(x) = bending moment along the depth of the
wall
EI = flexural rigidity of the wall
The numerical integration and differentiation was accomplished
through the use of a spreadsheet program which manipulated the
following algorithms (Chapra & Canale, 1988):
Numerical
Integration:
6
(8 )
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Numerical
Differentiation:
(9)
were,
01 = deflection at depth X+l
M1 = bending moment at depth X+l
Xo = slope at depth X
Xl = slope at depth X+l increment
X2 = slope at depth X+2 increments
EI = flexural stiffness
h = increment between slope readings
These computations were performed over the full length of the
wall during each stage of the excavation process. The
resulting deflections and moments are provided in
Appendix III.
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Chapter 4
Comparison of Results
The following chapter compares the results from the
predicted behavior of the four analysis models and the
backfigured measurements taken from the existing wall.
Bending moments, strut loads, and lateraL~;deflections are
compared in three separate sections. Each section is divided
into sub-sections, in which the results for particular
excavation stages are discussed.
4.1 Moment Comparison:
stage 1 has been omitted from the following discussion
because the first stage of excavation was only six feet deep.
The active load produced by this shallow excavation had almost
no measurable effect on the wall. The results, corresponding
to the other stages of excavation, are listed below.
stage 2:
As shown in figure 13, the first three models over-
estimated the positive moments at the span between the first
strut and the subgrade. The beam on elastic foundation method
produced extremely high positive moments in this region, but
closely simulated the negative moments measured in the portion
of the wall below sUbgrade. The other methods did not
consider the walls ability to act as a propped cantilever,
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with a point of fixity below sUbgrade, thereby overlooking the
large negative moments that developed below the excavation
line.
stage 3:
Figure 14, shows the distribution of moments at stage
three of the excavation. Here, the moment diagram from the
net pressure considering support settlements model correlated
well with the actual moments. The actual negative moment
measured at the second level of struts, and the positive
moments between the bottom strut level and the subgrade were
essentially the same as those predicted by this model. The
\
net pressure method produced much higher negative moments at
the second level of struts and slightly lower positive moments
in the span above subgrade. The beam on elastic foundation
method over estimated moments in all portions of the wall
except at the second level of struts where the actual negative
moments were not recognized.
stage 4:
As shown in Figure 15, all three methods of analysis
produced high negative moments at the lowest strut level,
while the actual moments obtained from the inclinometer
remained in the positive range. The apparent shift in moment
diagrams to the negative side, caused both net pressure models
to underestimated the positive bending moments in the spans
29
between supports. The beam on elastic foundation method
produced moments equal to or greater in magnitude than the
measured moments along the full length of the wall, thus
providing the most conservative results for this stage.
stage 5:
In Figure 16, all methods including Terzaghi-Peck,
.' ~~sI!layed high negative moments at the strut support levels,
while under-estimating the large positive moment between the
third level of struts and the subgrade. However, the beam on
elastic fOl,mdation method did predict a positive moment of the
same order of magnitude as that which was measured in the
wall, although the location of the predicted moment was at a
lower depth.
The Terzaghi-Peck analysis was only performed on stage
five, neglecting all previous stages of construction. The
moments predicted by this method were generally the least
accurate out of the four methods studied.
4.2 strut load comparison:
No attempt was made to calculate the strut reactions
based on the actual moments measured in the wall because they
were discontinuous and poorly defined in most areas. However,
the strut reactions resulting from the theoretical analyses
were compared. As shown in Figures 17 and 18 for stages 2, 3,
4, and 5 respectively, the reactions in the struts from the
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beam on elastic foundation method were consistently the most
conservative.
4.3 Deflection comparison:
Deflection analyses were compared for stages two through
five. The results from stage 1 were ignored for the same
reasons stated i~ section 4.1. Predictions for the remaining
stages are summarized as follows.
stage 2:
As shown in Figure 19, the wall's lateral displacements
were negligible during stage 2. This was well represented by
the results from the net pressure and net pressure considering
support settlement analysis. These two models produced nearly
identical deflections, which was due to the fact that the
stage 1 deflection introduced as a support settlement for
stage 2, was insignificant. The beam on elastic foundation
model produced a maximum lateral displacement an order of
magnitude higher than the actual deflection at a distance
midway between the strut and sUbgrade, suggesting that the
estimated sUbgrade modulus was too low.
stage 3:
Figure 20 provides a representation of the results for
stage 3. The net pressure method produced deflection values
for this stage and all subsequent stages, which were
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sUbstantially lower than expected. This was attributed to the
fact that the strut supports were assumed to be fixed supports
with no initial lateral displacements. However, the method of
construction contradicted this assumption, because the wall
remained free to displace inward before the strut could be set
in place. The predicted deflections from the net pressure
considering support settlement method were closer to the
-
actual values, although still slightly lower. The beam on
elastic founda(ion analysis again produced deflections that
were significantly larger than the measured displacements, but
unlike the previous models, it had the capability to predict
the inward deflections that took place below sUbgrade.
stage 4 & 5:
The resulting deflections for stages 4 and 5 are shown in
Figures 21 and 22, respectively. The deflections measured
dur ing these stages of excavation again were between the
predicted values from the under-conservative net pressure
considering support settlement, and over-conservative beam on
elastic foundation models.
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Chapter 5
Conclusions
Conclusions were drawn based on the results presented in
Chapter 4. These conclusions are discussed in two separate
sections which clarify the different concerns of structural
versus geotechnical engineers. In addition, several of the
advantages and disadvantages of each analysis method are
listed in Table 1.
5.~ Conclusions From The structural Engineers perspective:
The structural engineer is mainly concerned with
satisfying the strength requirements for a proposed
structural slurry wall. Walls are generally designed to
resist flexural stresses along the depth of the wall, shear
"~J
stresses at the location of lateral supports, and axial loads
when the wall is used as a vertical load bearing element.
Designs are developed where suitable wall thicknesses are
provided, and quantities and positioning of reinforcing steel
are minimized for efficiency. The four methods of analysis
examined during this study, were jUdged on the basis of their
ability to accurately predict the moments and strut loads
exhibited during construction of the Washington D.C. Metro
subway tunnel.
5.~.1 Terzaghi-Peck Method:
From the results previously discussed, it is apparent
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that the Terzaghi-Peck method produces the least accurate
estimation of the flexural stresses in the wall. Use of this
method for predicting the strength requirements of a proposed
wall could result in two major design errors. The most
obvious problem associated with this method is the possibility
of being unaware of critical stresses in the wall which may
exist during an excavation level prior to the final stage.
However, this can be avoided by performing additional analyses
for each intermediate stage.
Inaccuracies that occur because of the differences
between the modeled behavior and constructed behavior present
another problem associated with this model. As shown in
Figure 16, the Terzaghi-Peck method overestimates the
negative moments at the lowest two strut levels, while
seriously underestimating the positive moment between these
same struts. The discrepancy between predicted and actual
moments can be partially attributed to the relation between
excavation levels and strut placements. Before a strut is
fixed in place, the wall is subjected to moments created by a
span length extending from the last strut to the subgrade
reaction. The positive moments in this span remain in the
wall after installation of the strut, creating a "pre-
stressed" condition. Once the wall has deformed under this
moment, the "pre-stressing" can not be alleviated through
jacking of the strut, because the wall is held in its deformed
position by the related soil movements. The difference
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between the predicted and constructed moments is illustrated
in Figure 23. As the excavation staging continues, positive
moments caused by deflections accumulate in the wall causing
the actual moment diagram to "shift" in the positive
direction, in reference to the predicted moment diagram, as
shown in Figure 16. However, it should be noted that this
error in analysis is not unique to the Terzaghi-Peck method.
5.1.2 Net Pressure Method:
The net pressure method also produced the same
inaccuracies as previously discussed, although the results
were slightly closer to the measured values. This can be
explained by the assumption that a more realistic distribution
of loading, namely a triangular shaped loading, was applied to
the wall.· The fact that each excavation stage was
investigated for possible critical moments, leads to the
conclusion that this method is more suitable for slurry wall
analysis than the Terzaghi-Peck method. Nevertheless, the
results from this method did not accurately predict the actual
moments in the wall, which could lead to the design of an
inadequate structure.
5.1.3 Net Pressure Method considering Support Settlements:
The introduction of support settlements into the analyses
of this model attempts to correct for the differences that
develop between the modeled behavior and constructed behavior.
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This method did produce a moment diagram which shifted towards
the more positive actual values, but still did not represent
the critical positive moment which was exhibited in the wall.
The remaining error was a result of the determination of the
support settlements that were introduced into the analyses.
Because this method predicted much smaller wall deflections
than those that were measured, the effect that these support
settlement corrections had on the resulting moments was small.
It is the author's belief that this method can be
successfully utilized to determine the critical moments in a
proposed wall, provided that a range of deflection cases are
examined. By analyzing the wall under two extreme deflection
cases, such as no deflection versus large deflections, the
design engineer could obtain a moment envelope, within which
the actual moments should lie. Selecting the magnitude of the
"large deflections" could be based on experience with similar
projects and empirical relationships, or limited by the
serviceability of the wall.
5.1.4 Beam on Elastic Foundation Method:
The beam on elastic foundation method, produced the most
conservative moment values. It also was the only method which
resulted in critical moments that were of the same magnitude,
or larger then the measured moments in the wall. Use of this
method for determining maximum moments should yield a safe
design. Therefore, it can be concluded that the beam on
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elastic foundation approach results in the best analysis
solution for this application. However, the complex soil
response assumptions that are necessary in producing such
reliable results, require the use of a sophisticated computer
analysis program in order to attain a solution.
5.2 conclusion From a Geotechnical Engineers perspective:
The geotechnical engineer is mainly concerned with the
settlement of structures adjacent to the excavation site.
These settlements are caused by disturbances in the soil
beneath neighboring structures, such as a reduction of the
water table level, or lateral soil movements. structural
slurry walls have proven to be successful in maintaining the
level of the local water table, but excessive wall movements
must be controlled to assure the safety ~ surrounding
structures. with this in mind, the analysis methods were
jUdged on their ability to accurately predict the wall
movements throughout the excavation process.
5.2.1 Terzaghi-Peck method, & Net Pressure Method:
The Terzaghi-Peck Method and the Net Pressure Methods are
both unsuitable for determining deflections of slurry walls
that are constructed with more than one level of bracing.
These methods do not consider the fact that walls can
accumulate displacements prior to placement of braces, or that
rigid body movements can occur. Therefore, it is recommended
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that neither of these methods should be used to predict
deflections.
5.2.2 Net Pressure considering support settlements Method:
The results obtained from this study indicate that the
net pressure method considering support settlements under-
estimates the lateral wall movements for the last two stages
of excavation. The deflections exhibited in the stages
leading up to this point, do however, appear to provide an
adequate approximation of the actual measured values. The
discrepancies that occur in the late stages may be explained
by considering the accumulating affect of slightly under-
estimated support settlements, on the over all deflected
shape. When the initial deflections are slightly lower than
the actual deflections, the act of introducing these values as
support settlements over a series of stages, can compound the
errors significantly. To minimize the effect of this problem,
the model could be re-analyzed with the support settlements
increased by a certain percentage, assuring that the predicted
deflections would be conservative.
5.2.3 Beam on Elastic Foundation:
The beam on elastic foundation method yielded
conservative deflection values for all stages. In addition,
it is the only method which addresses the possibility of
deflections below subgrade. This not only contributes to the
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conservative nature of the solution, but also identifies
instability conditions at the base of the wall, by displaying
excessive base movements.
The results obtain by using this method can be improved
by varying the flexural stiffness along the depth of the wall.
This allows the designer to use the "gross" moment of inertia
along segments of the wall that are sUbjected to low stress
levels, while using the "cracked" moment of inertia along wall
segments that undergo stresses sufficient to produce tension
cracking in the concrete. Figure 24 shows an example of the
deflected shape of the wall using both the "cracked" and
"gross" moments of inertia. However, it is important to note
that such refinements may not be justified until more accurate
estimates of subgrade moduli can be developed.
5.3 concluding Remarks:
This study was undertaken in order to improve the
understanding of how a structural slurry wall behaves when
constructed in a manner similar to the procedures followed in
this example. For the wall under scrutiny, it is apparent
that the major differences between the analyzed behavior and
the actual behavior of the wall can be attributed to an
incorrect prediction of the inward displacements of the wall
prior to the placement of brace levels. This most likely has
caused inaccuracies resulting in under-conservative, or
critical predictions in all models except the beam on elastic
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foundation. This method is the only one that assumes the base
of the wall to be capable of displacing laterally, and also
produces realistic deflections of the wall below subgrade.
Therefore, it can be concluded that the use of the beam on
elastic foundation model is the most reliable method of
analysis among the four approaches under investigation, for
designing structural slurry walls. However, in the absence of
a computer program capable of determining a solution to this
model, the net pressure considering support settlements method
could be used to attain a safe design, provided that a range
of initial support settlements are analyzed.
5.4 Future Work:
The conclusions obtained from this study could be
verified through a series of similar examinations of
structural slurry walls currently under construction. In
addition, more accurate inclination measurements on similar
structures would permit the numerical integration of the true
loads acting on the wall. Provided that continuous moment
diagrams are attained, the axial stresses in the struts, and
subgrade moduli could also be determined through equilibrium
of the wall. Insight provided by this additional information
would be extremely useful for future designs.
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Figure 1. Typical cut-off wall
42
t·f·:
," .. ;.
t: t;
Bentonite
Slurry
rt1tt1I't1I't1I't1t+t+t+t+++++Ho/ Remf OrClny Sleel
"
..
,\
.. .. ...
~.
C1alllshell
Slurry ~ullply PIP~
..
Figure 2. structural slurry wall construction procedures
43
•Sl::Culldctry
...
~, "
•
..
,~ , :,'~, .:.:
. ~':'.
..
..
....
. p. '-'
' ...
•• ' •• ' t
", "
•
, :
S." ""d"ly Prlflldry
Figure 3. Different construction phases
\
44
Staged excavation
Stage
Structural
Slurry Wall
~Local ground~
water table
Stage 2
~-- De-watering 'eve
'
stage 3
-
,
....
-
+-----=..Y-
t..
Stage 4
Figure 4.
Stage 5
Example of staqed excavation
45
Model # 1
Terzaghi-Peck method
street level
, , ----~----~
rigid simple
supports
Structural
Slurry Wall
' ...',~----------.llt----_~ ~:::
, ,
, ,
, ,
~t----_~.,:.<
, ,
, ,
, ,
, .,
, ,
, ,
I-~+----~' ,.,:.<
, ,
':'~-----------::J:,-:,~----------.ll
I--....+------~,,, ,
, ,
, -, ,
,-, ,
uniformly distibuted <<-----------::JI----_~,,',I"I-----.--------.llRankine active ---4~ :::~
pressure ',',
~ ... ~ "-cr' = O.65k cr' t----_~, ,
a a v ' ... '.~
, ,
, ,
, ,
, .,
)-----~; :
, ,
slurry wall
final depth of
exacavation
, ,
, ..
, ,
1--1.....---......,:':
, ,
, ,
',' ~---­, ,
, ,
I---..-+-----;~:::~
, ,
:::~.I.r---------.;
I----I...----~,,',, ,
", ,, ,
, ,
, ,
, ,
I----..~---~':':
' ... '.,
, ,
,.
,
hydrostatic
pressure
building
surcharge
Figure 5. Terzaghi-Peck method
46
Model # 2
Net Pressure Method
Structural slurry
wall
rigid simple supports
I f.-.., (/
subgrade (nth stage)
" " Rankine passive
"~ pressure
" aO p = kp a'v
street level
I
I
I
assumed
pinned support I
I
I
I
Rankine active I
pressure I.---~
cr' = k a,~1
a a v I
I
Net pressure = active - passive
Figure 6. Net Pressure method
47
Model # 3
Net Pressure Method
Including support settlements
street level
Rankine passive
pressure
cr'p = kp cr',
deflection prior to
placement of strut
,
,
Rankine active
pressure
cr' = k -'a a v v
pinned support
Net pressure
Figure 7. Net Pressure Method Considering support
Settlements
48
Model # 4
Beam on Elastic
Foundation Analogy
street level
Rankine passive
pressure
cr'p = kp a'v
Subgrade (nth stage)
spring stiffness equals the
subgrade modulus
, , ,
, ,
, , ,
, ,
111111-II....---'.I{sllc supports
At-rest
pressure
cr~ = ko a'v
Rankine active
pressure
, k 'cr a = acrv
Figure 8. Beam on Elastic Foundation method
49
Typical Loading Scheme
(Stage 4)
EI. 0
Rankine
passive
pressure
hydrostatic
pressure
, ,
::::"-------Jf
, , ""l.-...r---~
.< ...:
,',' EL -4', ,
..., ...,
~;:;. Struts
:;:;
, ,
',', ,
»J.-....l-----Y
,','~---~
;-: EL -26', ,
, ,
... , ... ,
',"',
:;:;
... , ... ,
, ,
, ,
--""~"',"',
... , ... ,
"',,'",~--------;o'".~----"""'I'-----~<< EL -44'
"',',
',"',
... , ... ,
+---~"',"',
"',',
__~:;:; Subgrade ,.,
" -L-
... ' ...'----, ,, ,
, ,
/-~~ ... , ,,1-o0ןI11-----\
..., ,
, ,
, ,
, ,
, ,
...""".1-o0ןI....----I---~ ... , ,
... , ,
"',',, ,
Rankine
active
pressure
EI. -20
building
surcharge
existing building
hydrostatic
pressure
EI. -22 .I-
Figure 9. Typical loading scheme
50
Wa 11 St 1ffness
(For 1 panel)
W 30x21 1
• • • •
-~ -')cI- (
'"'"• • • •
\
7 feet '\
Vert~C3:
Relnfc,:'-:
Gross sect10n
W30x21 1 EquIvalent Area
of Concrete
I gross" 4364 In:4
per linear ft, of wall
Cracked Sect Ion
___B
Eql;lva'e~~
Area c f
(onc,e:e
W30x211
I cracked" 2490 1n ·4
perl1nearft ofwa11
Figure 10. Determination of wall stiffness
5 1
4 th Street S W N
slurry walls
"'-workIng mat
~
u ~
ro u
L. ro
O"l .-J L.
c:: "0 -'
- c:: "0U :::l c::
0 :::l
:::l .0 0
-@.0 .-J .0 Ic:: :::l c::0
-0 r ~ I......ro oare IL.Q) nurr. bersO"l
77· 001L.'-Q)
-@a: I
ro
c::
.-
E
L.
"0"Q)
r- !nc:'~,:~-?:.::.~
Street cas~;,;
I 78 + 00
-0-
Pl an View
x - Secti 00
Figure 11. Plan and cross-section of site
52
Subsurface Prof 11 e
~ El a
FIll
Silty Clay
///./S-....,......7///
~11tY5and
El -22~
-
Grave Ily Sand
SIlty Sand
" • 36 deg.
-
" • 34 deg
Overconsol1dated
Clay
:~::;
" • 25 deg. 'N
5u • 2·5 ksf
-
--
" • 34 deg.
5u • 50 ksf
Overconsolldated
Clay
Overconso I 'dated
Clay
" • 25 deg.
5u • 40 ksf
~~~~~
--------------------t::=::.J"'"--- _
' ..' .. '
' ..' ..'
::::'
~tVEl
'.,,/,,'
:..:..:
Figure 12. Subsurface profile
53
Moment Comparison
Stage 2
street level - El. 0'
Subgrade
EI. -28'
+ Backfigured moment
- 6· Net press. with
support settlement
- _. Beam on elastic foundation
- Net pressure
+
EI. -4'
+
+
--,
........
....
...
... ,
...
...
...
+
o
·20
-
-
-
a>
Co)
~ +
't:
~
en
"
·40
C
~ ....
0
... ""''''''
'-
"C) ,,"
E ( ++0
'-
-
,
.c
, +
·60
....
....
-
...Q. ...
cP ...
Q ......
·80
+-Struts
350250150so-so-, so
·100 +-..........,-----r--.....--,r----...--r--...--r----...--,
-250
Moment (k-ft)
Figure 13. Moment comparison - stage 2
54
Moment Comparison
Stage 3
street level • EI. 0'
EI. -4'
,,1---
+ Backfigured moment
- 6 - Net press. with
support settlement
- Net pressure
- - - Beam on elastic foundation
+
--+
.. --.. -
-t.. ' .....
".. ... ..~ ) SUbgr~de,,~ ) / EI. -46
... + ~ J?
+ ,"
......
, ...
......
, ....
..
\ ....\ +',
t.)
,,/ EI. -26'
..J-.oolr.--,....:..-
IIo
·80
-
-20
-
-G>
U
ca
't:
~
en
'0
C ·40
~
0
-a
e
0
-
.c
-Q. -60
CD
C
,-Struts
300200100o·100·200
·100 +----"T---,.-.......-.,..--...,.---,--.......-.,..-..
·300
Moment (K-ft)
Figure 14. Moment comparison - stage 3
5S
Moment Comparison
Stage 4
street level· EI. 0'
a
EI. -4'
-20
-
-
-Q)
(,)
(lJ
-
..
:::s ·40
en
"c:::s
o
..
C)
E
e -60
-
.c
-CoQ)
C
·80
+
+
+
+
+
+
+.....-'+ ...(/ +:
........ +
' ..... ...
-26'
+
-44'
+ Backfigured moment
- - - Beam on elastic foundation
Net pressu re
-6- Net press. with
-=- support settlement
.- Struts
Subgrade
EI. -62'
35025015050·50·150
·100 +--.,--....,.--r--.,....---....-....,...-.,....-.----...-..,....-,..-......,
·250
Moment (k-ft)
Figure 15. Moment comparison - stage 4
56
Moment Comparison
Stage 5
street level - EI. 0'
0 EI. -4'
+
+ +
Backfigured moment
+
__ .Beam on elastic foundation
-
·20
-
-
Q)
- Net pressure
(,)
as
-
-~en
- A - Net press. with
"0 .40 EI. -44'
support settlement
c
~
0 +
-0)
-0- Terzaghi-Peck
e
+
0
+
-
+ '-Struts
·60 EI. -60'
z:
-CoQ) +
C +
+
+
+ I ~" ",,"
+ ... ",,"
-80 .... ",
Subgrade
EI. -74'
'\7
·'00
·250 .' 50 ·50 50 '50
250 350
Moment (k-ft)
Figure 16. Moment comparison - stage 5
57
Strut Load Comparison
Stage 2
Q) 0(,) iii
'"
-
~
~
en
-20
'0
c:
~
0
-40~
C)
E
0
-60~
-
.c
-0- -80Q)
0
-100
0 20
o +- Strut A
o Net pressure
• Net pressure with
support settlements
o Beam on elastic foundation
40 60 80 100
Strut Load (Kips)
Strut Load Comparison
Stage 3
100
6 0 0 ....- Strut B
o Net pressure
6 Net pressure with
support settlements
o Beam on elastic foundation
20
o .- Strut A
40 60 80
Strut Load (Kips)
Figure 17. strut comparison - stage 2 & 3
Q) 0(,)
'"'t:~
·20en
'0
c:
~
0
-40
~
C)
E
0 -60
~
-
.c
-0-
-80OJ
0
-100
0
58
Strut Load Comparison
Stage 4
o .- Strut Ao~
·20
-40
ISJ:) .- Strut B
Strut C--. 6:J o
E
e ·60
-
.c
-~ -80
Q
o Net pressure
6. Net pressure with
support settlements
o Beam on elastic foundation
40 60 80 100
Strut Load (Kips)2 a
·100 4-.......-..,.--....-..,.---.--,--......--,------r-..
a
Figure 18. strut comparison - stage 4 & 5
Strut Load Comparison
Stage 5
-
- 0
-~
(,,)
~
't:
·20~
en
"c -40~
0
...
C)
E -60
0
...
-
.c
-80
-CoQ)
Q
·100
0
0+ +-Strut A
6. [0 + +--Strut B
Strut C --. -€J 6. 0
Strut 0 --. + en 0
20 40 60 80 100
Strut Load (Kips)
o Net pressure
6. Net pressure with
support settlements
o Beam on elastic found
+ Terzaghi-Peck
59
Deflection Comparison
Stage 2
street level - EI. 0'
o
-20
-
-
-Q)
(.)
~
't:
:::1
en
'0 -40
C
:::1
0
...
C)
E
0
...
-
.c
·60
-CoQ)
C
~--- EI. -4'
Subgrade
EI. -28'
•
•
•
• Backfigured deflection
- - - L3eam on elastic foundation
Net pressure
- 6 - Net press. with
support settlement
-80
",-Struts
1 . 50.5-0.5
-1 00 +----.,.---T""""--........-----r---~---....----,
-1.5
Deflection (In)
Figure 19. Deflection comparison - stage 2
60
Deflection Comparison
Stage 3
street level· EI. 0'
a
......
......--- EI. _4'
•
Subgrade
EI. -46'
Net pressure
Beam on elastic foundation
• Backfigured deflection
•
•\ ........
\ . ....
\. ... ...
\ .......
\ . ...
\ . ... ...
\ . .... ....
\ . ....,
~:
c *: EI. -26'
,.
li·
I •
I •
I •A :,
,
-20
oJ: -60
a
Q)
c
-::
-Q)
CJ
~
-
...
:;,
tIJ
"0 -40
C
:;,
o
...
C)
E
o
...
-
·80 - i:J. - Net press. withsupport settlement
~Struts
, .50.5-0.5
-'00 +---.......----,r-------.......---.----.,------.
-, .5
Deflection (In)
Figure 20. Deflection comparison - stage 3
61
Deflection Comparison
Stage 4
1
street level - EI. 0'
o
• Backfigured deflection
Subgrade
EI. -62'
+-Struts
- A-Net press. with
support settlement
-- Net pressure
- - - Beam on elastic foundation
... EI.... -4'
,
...
~. ... ... ...,
'. "',, ...
,. ,
"',,. ,
,.
~ ..
•,
•,
•~ •, •,
•
•
• EI. -44'A ••I •I
•I
•I
•
•
•
•
• ",'"
·80
-20
-
-
-Q)
(J
~
-
..
:1
fI)
~ ·40
c:
:1
0
..
en
E
0
..
-
.c ·60
-Q.
Q)
Q
1 .50.5
., 00 +---...,..---.----......---,.---..---....---.
- 1 .5
Deflection (In)
Figure 21. Deflection comparison - stage 4
62
Deflection Comparison
Stage 5
street level· EI. O'
• Backfigured deflection
___ Terzaghi-Peck
- b. - Net press. with
support settlement
- Net pressure
- - - Beam on elastic foundation
+-Struts
Subgrade
EI. ·74'
•
•
•
'EI. _44'
•
•
•
EI. -60'
•
•
•
•
•
•
•
•
•
•
•
I
I
b.
I
I
r-
•
•
I
I,
~
I
I
•
•
•
...
. ...
\. ... ......
\ . ...
\. ' ...
\. ... ...
\ ' ...\ . ,
\ . ...
•
•
•
I
...--- EI. _4'
a
·20
·80
:: ·60Q.
Q)
C
a>
u
~
-...~
fI)
~ -40
C
~
o
...
C)
E
o
...
-
-
-
-
, .50.5-0.5
. 100 -+----...---...._--~--~---...._--_r_--.....
. , .5
Deflection (In)
Figure 22. Deflection comparison - stage 5
63
Street level Street level
"
"
"
"
"
"
~
"
~
"
~
"
~
"
~
" SUbgrade ~ Sub rade
"
~
"
~
"
~
"
~
Subgrade Subgrade
"
~
" reaction ~ reaction
"
Moment prior to strut
placement
Street level
Moment after strut
placement
Street level
Subgrade
~...-- Subgrade
reaction
"
"
"
"
Subgrade
reaction
Theoretical moment prior
to strut placement
Theoretical moment
after strut placement
Figure 23. "Shifting of moment diagram"
64
Deflection Comparison
Stage 4
street level - EI. 0'
o
...
...' .~-- EI. -4'
_ ·20
-
-
Beam on elastic foundation
(cracked moment of inertia)
Subgrade EI. -62'
•
•
•
•
•
". ,,"
/~ Beam on elastic toundaUon
(gross moment of inertia)
•
•
•
•
•
•
•
•
•
EI. -26'
1
..---•.:... EI. -44'
Backfigured moment
-40
·60
-80
J:
-Q,Q)
c
Q)
(,)
CO
-
..
~
In
"0
c:
~
o
..
C)
E
o
..
-
, .50.5-0.5
., 00+--.......---r-------~------ __--......
-1. 5
Displacement (In.)
Figure 24. Deflection comparison - "gross" vs. "cracked"
moment of inertia
65
APPENDICES
Appendix I. Results from Risa 2d computer software
(strut loads listed on last page of
Appendix I).
Appendix II. Results from BMCOL computer program
(Beam on Elastic Foundation analysis).
Appendix III. Measured wall behavior.
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Appendix I
~
COMPUTER ANALYSIS RESULTS
TERZAGHI-PECK METHOD
DEPTH MOMENT (K-FT) DEPTH DEFLECTION (IN.)
a a a -0.0278
4 -13 :- 2 4 a
12.91 51.81 13.64 0.0473
22 -16.85 22 0.01399
26 -100.53 26 0
35.27 51.81 35.27 0.0248
44 -95.33 44 0
51.76 44.27 51. 76 0.0143
60 -112.45 60 0
64 25.84 64 0.01891
68.44 78.44 67.94 0.03101
74 0 74 0
84 0 84 0
NET PRESSURE METHOD
STAGE 1
DEPTH MOMENT (K-FT) DEPTH DEFLECTION (IN.)
o
4
7.4
21
84
o
-1. 32
-2
o
o
a 0.00185
4 0.00027
7.4 0
21 0
84 a
NET PRESSURE METHOD
STAGE 2
DEPTH MOMENT (K-FT) DEPTH DEFLECTION (IN.)
0 0 0 -0.101
4 -0.35 4 0
22 122.6 22 0.2544
28 96.97 28 0.166
34 a 34 0
84 a 84 0
67
COMPUTER ~ALYSIS RESULTS (CONTINUED)
NET PRESSURE METHOD
STAGE 3
DEPTH
o
4
22
26
37.88
40
46
84
MOMENT (K-FT)
o
-0.35
-50.23
-96.7
119.91
112.11
o
o
DEPTH
o
4
22
26
36.89
40
46
84
DEFLECTION (IN.)
0.0107
o
-0.025
o
0.106
0.0911
o
o
NET PRESSURE METHOD
STAGE 4
DEPTH
o
4
12
22
26
33.21
40
44
54.73
62
84
MOMENT (K-FT)
o
-0.35
14.33
-5.79
-42.37
31. 24
-41. 57
-158.47
140.89
o
o
DEPTH
o
4
13.64
22
26
32.51
40
44
54
62
84
DEFLECTION (IN.)
-0.00837
o
0.013
0.00336
o
0.0076
-0.00723
o
0.0952
o
o
NET PRESSURE METHOD
STAGE 5
DEPTH MOMENT (K-FT) DEPTH DEFLECTION (IN.)
0 0 0 -0.00383
4 -0.35 4 0
12 9.24 13.64 0.013
22 -16.38 22 -0.0034
26 -55.32 26 0
33.21 31. 24 32.51 0.0076
40 0.32 40 0.0121
44 -100.92 44 0
54.73 140.89 50 0.0952
60 -132.85 60 0
68.63 88.05 74 0
74
" 0 84 084 0 68
COMPUTER ANALYSIS (CONTINUED)
NET PRESSURE METHOD CONSIDERING SUPPORT SETTLEMENTS
STAGE 2
DEPTH MOMENT (K-FT) DEPTH DEFLECTION (IN.)
0 0 0 -0.07923
4 -0.35 "4 0.019-24
22 122.6 19.83 0.253
23.03 123.7 22 0.2621
28 96.97 28 0.17
34 0 34 0
84 0 84 0
NET PRESSURE METHOD CONSIDERING SUPPORT SETTLEMENTS
STAGE 3
DEPTH MOMENT (K-FT) DEPTH DEFLECTION (IN.)
0 0 0 0
4 -0.35 4 0.00562
16.18 29.25 22 0.266
22 19.09 26 0.3
26 -11.96 31.94 0.3342
36.61 157 40 0.218
40 137.54 46 0
46 0 84 0
84 0
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COMPUTER ANALYSIS (CONTINUED)
NET PRESSURE METHOD CONSIDERING SUPPORT SETTLEMENTS
STAGE 4
DEPTH MOMENT (K-FT) DEPTH DEFLECTION ( IN . )
0 0 0 0
4 -0.35 4 0.00602
16.91 33.76 22 0.266
22 25.59 26 0.295
26 -4.03 32.93 0.3256
33.21 68.59 40 0.289
40 -5.15 44 0.265
44 -122.61 62 0
54.36 155.69 84 0
62 0
84 0
NET PRESSURE METHOD CONSIDERING SUPPORT SETTLEMENTS
STAGE 5
DEPTH MOMENT (K-FT) DEPTH DEFLECTION ( IN . )
0 0 0 -0.0646
4 -0.35 4 0.00598
16.73 33.34 22 0.2494
22 25 26 0.275
26 -4.75 32.79 0.3018
32.93 61.72 40 0.27
40 -18.03 44 0.254
44 -138.96 53.05 0.2916
53.73 80.39 60 0.255
60 -46.59 74 0
67.49 124.8 84 0
74 0
84 0
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STRUT LOADS (KIPS)
NET PRESSURE
METHOD
NET PRESS.
WITH SUPPORT
SETTLEMENTS
BEAM ON
ELASTIC
FOUNDTION
------------------------------------------------------
STAGE 2
EL. -4
STAGE 3
EL. -4
EL. -26
STAGE 4
EL. -4
EL. -26
EL. -44
STAGE 5
EL. -4
EL. -26
EL. -44
EL. -60
10.06
0.46
50.18
2.93
32.85
91. 28
2.34
37.36
71. 61
98.4
10.06
4.3
42.1
4.68
30.97
89.42
4.64
30.13
84.3
84.46
26.7
16.3
56.97
15.75
42.3
97.9
16.1
39.23
94.54
81.75
TERZAGHI-PECK
EL. -4 16.1
EL. -26
EL. -44
EL. -60
39.23
94.54
81.75
7 1
Appendix II
COMPUTER ANALYSIS
BEAM ON ELASTIC FOUNDATION METHOD
MOMENT (K-FT) DEFLECTION (IN.) DEPTH
---------------------------------------------
0.114 0
0 0.108 1
0 0.102 2
-0.1 0.0948 3
-0.41 0.0888 4
-1. 03 0.0828 5
-2.05 0.0756 6
-3.59 0.0696 7
-5.74 0.0636 8
,J,
-8.22 0.0576 9
-10.74 0.0516 10
-13.07 0.0468 11
-15.05 0.042 12
-16.59 0.0372 13
-17.64 0.0324 14
-18.2 0.0288 15
-18.26 0.0252 16
-17.89 0.0228 17
-17.14 0.0204 18
-16.08 0.018 19
-14.79 0.0168 20
-13.33 0.0156 21
-11.79 0.0144 22
-10.22 0.0132 23
-8.68 0.012 24
-7.21 0.012 25
-5.85 0.012 26
-4.61 0.0108 27
-3.53 0.0108 28
-2.6 0.0108 29
-1. 82 0.0108 30
-1.19 0.0108 31
-0.69 0.0108 32
-0.31 0.0108 33
-0.04 0.0108 34
0.15 0.0108 35
0.26 0.0108 36
0.31 0.0108 37
0.31 0.0108 38
0.29 0.0108 39
0.24 0.0108 40
0.18 0.0108 41
72
0.12
0.06
o
-0.05
-0.09
-0.11
-0.11
-0.1
-0.06
-0.01
0.07
0.18
0.31
0.46
0.63
0.82
1
1.16
1.27
1.3
1.2
1.02
0.79
0.56
0.34
0.14
-0.03
-0.17
-0.27
-0.34
-0.39
-0.41
-0.41
-0.4
-0.37
-0.34
-0.29
-0.25
-0.19
-0.14
-0.09
-0.05
-0.01
0.0108
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0096
0.0084
0.0084
0.0084
0.0084
0.0084
0.0072
0.0072
0.0072
0.0072
0.006
0.006
0.006
0.006
0.0048
0.0048
0.0048
0.0048
0.0036
0.0036
0.0036
0.0036
0.0036
0.0024
0.0024
0.0024
0.0024
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
COMPUTER ANALYSIS (CONTINUED)
BEAM ON ELASTIC FOUNDATION - STAGE 2
MOMENT (K-FT)
o
o
o
-0.1
-0.41
-1.02
24.74
49.98
74.62
98.53
121.63
143.8
164.95
184.97
203.76
221.21
237.24
251.72
264.57
275.67
284.93
292.24
297.5
300.6
301.46
299.95
295.99
289.46
280.27
268.31
253.48
236.06
216.36
194.64
171.21
146.34
120.33
93.46
66.02
38.29
10.58
-16.85
DEFLECTION (IN.) DEPTH
-0.2988
-0.2016
-0.1032
-0.0048
0.0936
0.1908
0.2892
0.3852
0.48
0.5712
0.6612
0.7464
0.8292
0.906
0.9792
1. 0464
1.1076
1. 1628
1. 2132
1. 2552
1. 2912
1. 32
1.3416
1. 356
1.3632
1.3644
1.3572
1.3428
1.3224
1.296
1.2624
1. 224
1. 1796
1.1316
1.0788
1. 0224
0.9636
0.9024
0.84
0.7764
0.7116
0.648
74
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
-43.69
-68.18
-90.27
-109.93
-127.12
-141. 79
-153.92
-163.45
-170.36
-174.61
-176.16
-174.96
-170.99
-164.19
-151.39
-134.75
-116.07
-96.82
-78.11
-60.79
-45.4
-32.2
-21.25
-12.47
-5.71
-0.75
2.67
4.83
5.97
6.35
6.17
5.63
4.87
4.02
3.16
2.36
1.66
1.08
0.64
0.33
0.13
0.03
0.5856
0.5244
0.4668
0.4104
0.3576
0.3072
0.2616
0.2196
0.1812
0.1476
0.1176
0.0924
0.0708
0.054
0.0396
0.0288
0.0216
0.0156
0.012
0.0108
0.0096
0.0084
0.0096
0.0096
0.0108
0.0108
0.012
0.012
0.012
0.0132
0.0132
0.0132
0.012
0.012
0.012
0.012
0.0108
0.0108
0.0096
0.0096
0.0084
0.0084
75
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
COMPUTER ANALYSIS (CONTINUED)
BEAM ON ELASTIC FOUNDATION - STAGE 3
MOMENT (K-FT) DEFLECTION (IN.) DEPTH
---------------------------------------------
0
-0.3204 0
0
-0.2376 1
0
-0.156 2
0
-0.0732 3
-0.1 0.0084 4
-0.41 0.0912 5
-1.02 0.174 6
13.64 0.2556 7
27.8 0.3372 8
41.34 0.4176 9
54.16 0.4968 10
66.16 0.5736 11
77.24 0.6492 12
87.3 0.7224 13
96.23 0.7944 14
103.93 0.8628 15
110.29 0.9288 16
115.22 0.9924 17
118.61 1.0524 18
120.37 1.11 19
120.38 1.1652 20
118.54 1. 2168 21
114.76 1. 266 22
108.93 1. 3128 23
100.94 1. 3572 24
90.7 1. 3992 25
78.11 1. 4388 26
63.05 1. 4784 27
45.43 1. 5156 28
83.54 1.5504 29
118.89 1.584 30
151.36 1. 6128 31
180.87 1. 6368 32
207.3 1. 6572 33
230.55 1.6716 34
250.52 1.68 35
267.11 1. 6812 36
280.21 1. 6764 37
289.73 1. 6644 38
295.55 1. 6464 39
297.59 1.62 40
295.72 1. 5864 41
289.87 1. 5468 42
76
279.91
265.75
247.28
224.4
197.02
165.02
128.31
91.91
55.85
20.16
-15.13
-50.01
-84.43
-118.38
-147.95
-173.11
-193.84
-210.1
-221.85
-229.07
-231.72
-229.67
-222.77
-210.88
-193.86
-173.47
-151. 29
-128.63
-106.53
-85.81
-67.02
-50.53
-36.51
-24.99
-15.88
-9.01
-4.14
-0.98
0.78
1. 45
1. 37
0.88
1.5
1.4472
1. 3884
1. 3236
1. 2552
1.182
1.1064
1. 0272
0.948
0.8676
0.7884
0.7092
0.6336
0.5592
0.4896
0.4236
0.3624
0.306
0.2544
0.2088
0.1692
0.1344
0.1056
0.0816
0.0624
0.0468
0.0348
0.0264
0.0204
0.0168
0.0132
0.012
0.012
0.012
0.0132
0.0144
0.0144
0.0156
0.0168
0.018
0.0192
0.0192
77
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
COMPUTER ANALYSIS (CONTINUED)
BEAM ON ELASTIC FOUNDATION - STAGE 4
MOMENT (K-FT)
o
o
o
o
-0.1
-0.41
-1.02
14.73
29.97
44.6
58.51
71.61
83.77
94.92
104.93
113.72
121.17
127.19
131.67
134.51
135.61
134.87
132.17
127.43
120.53
111.38
99.87
85.9
69.37
87.34
102.54
114.87
124.23
130.51
133.61
133.44
129.88
122.84
112.21
97.89
79.78
57.77
31.76
DEFLECTION (IN.)' DEPTH
-0.3204
-0.2376
-0.156
-0.0732
0.0096
0.0912
0.174
0.2556
0.3372
0.4176
0.4968
0.5736
0.6492
0.7212
0.792
0.8592
0.924
0.9864
1.0452
1.1004
1.152
1.2012
1.2468
1.29
1.3296
1. 3668
1. 4016
1. 434
1.4652
1.494
1. 5204
1.5444
1.5648
1.5828
1. 5972
1.608
1. 6164
1. 6212
1.6236
1.6236
1. 6224
1. 6188
1. 6152
78
o
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
1.66
-32.65
-71.26
-114.28
-56.26
-2.85
45.85
89.72
128.68
162.62
191.43
215.01
233.26
246.08
253.37
255.01
250.92
240.98
225.1
203.18
175.1
140.88
100.52
59.9
22.42
-11.79
-42.6
-69.85
-93.43
-113.2
-129.01
-140.73
-148.23
-151.36
-150
-144.01
-133.24
-117.57
-96.86
-72.28
-46.88
-23.95
1.6116
1.608
1.6068
1. 608
1. 6104
1.614
1. 6152
1.614
1. 6104
1. 6032
1.5912
1.5744
1. 5516
1. 5228
1.488
1. 4472
1. 4004
1.3476
1.29
1.2264
1.1592
1. 0896
1. 0164
0.942
0.8676
0.792
0.7188
0.6468
0.5772
0.5112
0.4464
0.3864
0.33
0.276
0.2268
0.18
0.1368
0.0972
0.0588
0.0228
-0.012
-0.0468
79
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
COMPUTER ANALYSIS (CONTINUED)
BEAM ON ELASTIC FOUNDATION - STAGE 5
MOMENT (K-FT) DEFLECTION (IN.) DEPTH
---------------------------------------------
0
-0.3228 0
0
-0.24 1
0
-0.1572 2
0
-0.0744 3
-0.1 0.0084 4
-0.41 0.0912 5
-1.02 0.174 6
14.97 0.2568 7
3 0·.¥~6 0.3384 8
45.33 0.4188 9
59.49 0.498 10
72.82 0.576 11
85.24 0.6516 12
96.62 0.7248 13
106.88 0.7944 14
115.91 0.8628 15
123.61 0.9276 16
129.87 0.9888 17
134.6 1. 0476 18
137.68 1. 1028 19
139.02 1.1544 20
138.52 1. 2036 21
136.07 1. 2492 22
131.57 1.2912 23
124.92 1.3296 24
116.01 1. 3668 25
104.74 1. 4004 26
91.02 1.4316 27
74.73 1.4616 28
92.06 1. 4892 29
106.63 1. 5144 30
118.32 1. 5372 31
127.05 1.5564 32
132.7 1. 5732 33
135.17 1. 5852 34
134.36 1. 5948 35
130.16 1.602 36
122.49 1.6056 37
111. 22 1.6068 38
96.27 1.6056 39
77.52 1.602 40
54.88 1. 5972 41
28.24 1. 5924 42
80
-2.5
-37.44
-76.69
-120.34
-75.68
-35.63
-0.29
30.22
55.82
76.4
91.85
102.07
106.96
106.42
100.35
88.64
71.19
47.89
18.65
-16.64
36.4
83.3
124.06
158.68
187.18
209.57
225.84
236
240.07
238.04
229.92
215.72
195.45
169.1
136.7
102.65
70.49
42.85
21.41
6.91
-0.85
-3.05
1.5876
1.5828
1.5804
1. 5804
1.5828
1. 5864
1.59
1.5924
1. 5936
1. 5924
1.59
1.584
1. 5756
1.566
1. 5528
1.5384
1.5216
1. 5036
1. 4856
1.4676
1.4484
1.428
1. 404
1.3764
1.344
1. 3068
1. 2648
1.2168
1. 1628
1.104
1.038
0.9684
0.894
0.8148
0.732
0.648
0.5616
0.474
0.3864
0.2988
0.21
0.1224
81
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
STAGE 1
Appendix III
WALL BEHAVIOR DETERMIMED FROM
READINGS OF INCLINOMETER # 21 S
E = 29,000 ksi h = 24 in.
I cracked = 2490 IN A 4
Depth from ground
surface (ft.) Deflection (in.)
Moment (k-ft)
by central differe
3 0.076
5 0.092 -41.7882
7 0.104 -41.7882
9 0.112 20.8941
11 0.122 20.8941
13 0.134 -20.8941
15 0.144 -62.6823
17 0.i48 2.9E-13
19 0.152 0
21 0.156 -41.7882
23 0.156 41.78819
25 0.16 -20.8941
27 0.162 -20.8941
29 0.162 20.8941
31 0.164 -20.8941
33 0.164 -146.259
35 0.15 146.2587
37 0.15 -41.7882
39 0.146 2.9E-13
41 0.142 41.78819
43 0.142 -41. 7882
45 0.138 41.78819
47 0.138 0
49 0.138 -313.411
51 0.108 167.1528
53 0.094 -146.259
55 0.066 271. 6233
57 0.064 -20.8941
59 0.06 -41.7882
61 0.052 41.78819
63 0.048 0
65 0.044 -20.8941
67 0.038 41.78819
69 0-0.036 -20.8941
71 0.032 3.62E-14
73 0.028 -20.8941
75 0.022 20.8941
77 0.018 -5.4E-14
79 0.014 -41.7882
81 0.006 20.8941
83 0 62.68229
82
STAGE 2
Depth from ground
surface (ft.) Deflection (in.) Moment (K-ft)
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
0.112
0.154
0.182
0.208
0.236
0.262
0.296
0.328
0.352
0.378
0.392
0.4
0.402
0.41
0.414
0.414
0.412
0.414
0.416
0.408
0.39
0.364
0.338
0.302
0.262
0.23
0.198
0.162
0.13
0.102
0.078
0.056
0.032
0.024
0.018
0.012
0.014
0.006
0.002
-0.002
o
83
o
-146.259
-20.8941
20.8941
-20.8941
83.57639
-20.8941
-83.5764
20.8941
-125.365
-62.6823
-62.6823
62.68229
-41.7882
-41.7882
-20.8941
41.78819
o
-104.47
-104.47
-83.5764
5.8E-13
-104.47
-41. 7882
83.57639
o
-41.7882
41.78819
41.78819
41.78819
20.8941
-20.8941
167.1528
20.8941
-3.6E-14
83.57639
-104.47
41.78819
o
62.68229
-20.8941
STAGE 3
Depth from ground
surface (ft.) Deflection (in.) Moment (K-ft)
------------------------------------------------------
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
-0.04
0.048
0.052
0.094
0.142
0.186
0.226
0.27
0.312
0.358
0.396
0.43
0.466
0.51
0.552
0.588
0.624
0.644
0.654
0.662
0.66
0.642
0.62
0.582
0.534
0.588
0.438
0.39
0.336
0.284
0.232
0.178
0.136
0.104
0.068
0.06
0.042
0.028
0.02
0.014
o
84
o
-877.552
396.9878
62.68229
-41. 7882
-41. 7882
41. 78819
-20.8941
41. 78819
-83.5764
-41. 7882
20.8941
83.57639
-20.8941
-62.6823
1.16E-12
-167.153
-104.47
-20.8941
-104.47
-167.153
-41. 7882
-167.153
-104.47
1065.599
-2131.2
1065.599
-62.6823
20.8941
-2.9E-13
-20.8941
125.3646
104.4705
-41. 7882
292.5174
-104.47
41. 78819
62.68229
20.8941
-83.5764
146.2587
STAGE 4
Depth from ground
surface (ft.) Deflection (in.) Moment (K-ft)
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
0.024
0.074
0.116
0.158
0.206
0.254
0.3
0.346
0.38
0.432
0.472
0.518
0.564
0.616
0.67
0.726
0.768
0.822
0.866
0.9
0.926
0.926
0.934
0.928
0.91
0.878
0.83
0.762
0.686
0.61
0.534
0.448
0.36
0.29
0.222
0.168
0.126
0.086
0.054
0.026
o
85
o
-83.5764
-1.4E-13
62.68229
-2.9E-13
-20.8941
5.8E-13
-125.365
188.0469
-125.365
62.68229
5.8E-13
62.68229
20.8941
20.8941
-146.259
125.3646
-104.47
-104.47
-83.5764
-271.623
83.57639
-146.259
-125.365
-146.259
-167.153
-208.941
-83.5764
-1.2E-12
1.16E-12
-104.47
-20.8941
188.0469
20.8941
146.2587
125.3646
20.8941
83.57639
41.78819
20.8941
271.6233
STAGE 5
Depth from ground
surface (ft.) Deflection (in.) Moment (k-ft)
------------------------------------------------------
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
-0.112
-0.07
-0.034
o
0.044
0.086
0.126
0.168
O. 21~
0.26
0.3
0.35
0.406
0.472
0.534
0.594
0.662
0.724
0.78
0.84
0.886
0.934
0.978
1. 01
1. 02
1. 028
1. 016
0.98
0.928
0.856
0.78
0.696
0.596
0.51
0.418
0.336
0.262
0.186
0.122
0.06
o
86
b
-62.6823
-20.8941
104.4705
-20.8941
-20.8941
20.8941
20.8941
41.78819
-83.5764
104.4705
62.68229
104.4705
-41.7882
-20.8941
83.57639
-62.6823
-62.6823
41.78819
-146.259
20.8941
-41.7882
-125.365
-229.835
-20.8941
-208.941
-250.729
-167.153
-208.941
-41.7882
-83.5764
-167.153
146.2587
-62.6823
104.4705
83.57639
-20.8941
125.3646
20.8941
20.8941
626.8229
Table 1. Advantages and Di~advantagesof Analysis Methods
Model Advant....a~g.&.es -=D~is"-lla:.:ld:.::v.ll::la..:..:.n~ta~g~e~s:.....-_
Terzaghl-Peck Widely accepted among
engineers
Simple analysis
Doesn't consider
staged excavation
Overestimates
negative moments
Doesn't estimate wall
or soil movements
Net pressure
Method
Net pressure
with support
settlements
Beam on elastic
foundation
analogy
Provides quick method
for determining moments
and shears
More accurate than
Terzaghi-Peck
Provides better estimate
of wall movements
Positive moments are
more accurate
Provides most accurate
results for moments and
deflections
Moments not highly
sensitive to subgrade
modulus
87
Doesn't estimate wall
or soil movements
over estimates
negative moments
Assumes stability of
base of wall
Results depend on
relative accuracy of
initBl wall movement
Sophisticated solution
is required
Difficult to check
Wall movements are
sensitive to subgrade
modulus
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